from this suppression with a time constant in the range
. Here, we show that actiprojecting to these regions (Freund and Buzsaki, 1996) . vation of GABA A,slow interneurons suppresses the activity of the GABA A,fast network, and that the network recovers ‡ To whom correspondence should be addressed (e-mail: rapearce@ facstaff.wisc.edu).
from this suppression with a time constant in the range of theta band activity (125-400 ms). These results supproblems with the detection algorithm during the decay of GABA A,slow , as the observed degree of suppression port the hypothesis that activation of GABA A,slow interneurons in CA1 contributes to theta frequency moduwas not positively correlated with the amplitude of GA-BA A,slow in pyramidal cells ( Figure 1F ). These data suggest lation of gamma rhythms.
that SL-M stimuli modulate the activity of GABA A,fast interneurons.
Results
SFI represents a powerful and widespread inhibition of GABA A,fast interneurons. GABA A,fast sIPSCs in the trough GABA A,fast sIPSCs recorded in CA1 pyramidal cells arise from spontaneous release at GABA A,fast synaptic termiof SFI were significantly smaller in amplitude than those recorded before the stimulus (baseline: 79.9 Ϯ 4.9 pA; nals and from the spontaneous firing activity of GABA A,fast interneurons, presumably including basket and chandetrough: 54.8 Ϯ 3.9 pA; p Ͻ 0.05, K-S test performed on each cell) ( Figure 1C ) and occurred at one-third the lier cells, as well as other interneurons projecting to somatic and proximal dendritic regions (Pearce, 1993;  baseline rate (baseline: 17.3 Ϯ 1.9 Hz; trough: 5.20 Ϯ 0.35 Hz) ( Figure 1B) . Spontaneous IPSCs are a mixFreund and Buzsaki, 1996; Banks et al., 1998). We found that stimuli in SL-M that evoked GABA A,slow IPSCs in ture of large, action potential-dependent events and smaller, action potential-independent or miniature IPSCs CA1 pyramidal cells reduced the amplitude and frequency of GABA A,fast sIPSCs for several hundred milli-(mIPSCs), due to constitutive vesicular release, that can be recorded after blocking action potential activity with seconds ( Figures 1A-1C ) in nearly all pyramidal cells studied (33/38 cells). In contrast, stimuli applied to stratetrodotoxin (TTX). We found that in 6 of 7 cells tested, the rate and amplitude of sIPSCs remaining in the trough tum pyramidale had a much briefer suppressive effect on GABA A,fast sIPSCs ( Figures 1D and 1E ‫526ف‬ ms) was long compared to the GABA A,slow IPSP on SFI. The maximum duration of SFI produced by simulated GABA A,fast IPSCs was 350 ms, which was below ( decay ≈ 140 ms). We speculated that the low spontaneous firing rates of GABA A,fast interneurons in the slice coupled even the mean duration observed experimentally. Conversely, the minimum duration of SFI produced by simuwith GABA A,slow inhibition would produce a pause substantially longer than the duration of the inhibitory curlated GABA B IPSCs (625 ms) was close to the maximum duration observed experimentally, and in this case the rent itself. To investigate this possibility, we simulated inhibition of GABA A,fast interneurons by SL-M stimulation simulated SFI developed slowly ( peak ϭ 150 ms; data not shown), in contrast to the experimental data (e.g., (Figure 6 ). We found that an IPSC with the kinetics of GABA A,slow was able to suppress action potential firing Figure 1A ). These simulations suggest that the kinetics of GABA A,slow are most compatible with the duration of for a period consistently longer than the duration of the IPSC ( Figure 6A ) and that the duration of SFI was a SFI observed in our experiments. function of the GABA A,slow conductance, g syn ( Figure 6B ). The appropriate range for g syn was estimated by assumDiscussion ing that it was the same in GABA A,fast cells and in pyramidal cells. We then calculated a range of g syn values by
The data presented here provide evidence for the reguconsidering the surface area of a CA1 cell's apical denlation of GABA A,fast interneuron activity by GABA A,slow indrite ‫000,01ف(‬ m may coordinate external and internal oscillatory activity
Computer Simulations
circuit-mediated SFI, any discrepancies in detected events after addition of the GABA A,slow waveform will be due to problems with Simulations were performed on a UNIX workstation (Indy R5000, Silicon Graphics, Moutain View, CA) using the numerical simulation the detection algorithm. This analysis was repeated for five cells spanning the range of recording noise and amplitude of evoked package XPP (Ermentrout GB, 1990). The cellular model, which has been described in detail before (White et al., 1998), had Hodgkin-GABA A,slow . Detected events were binned at 5 ms intervals, the histograms with simulated GABA A,slow IPSCs were subtracted from the Huxley-type Na ϩ and K ϩ conductances and could fire at frequencies from 0-300 Hz, depending on the level of bias current. A mildly raw histograms, and the result was divided by the raw histograms to yield the fraction of missed events as a function of time relative heterogeneous population of cells was generated by varying the mean bias current from Ϫ0.650 to Ϫ0.659 A/cm 2 in steps of 0.001 to the simulated stimulus. This waveform rose and decayed substantially faster than either SFI or even the GABA A,slow IPSC ( rise ϭ 4.9 A/cm 2 . With additive Gaussian noise of SD 1 A/cm 2 , this range of mean bias currents gave ten cells that varied in spontaneous rate ms, decay ϭ 20 ms). Thus, for the first 50 ms following the onset of GABA A,slow , 28.4% of the events were missed, compared to 3.2% of from 0.8-1.7 Hz. The mean rate of firing of the population was 1.5 Hz. Simulations were also performed using mean firing rates of 0.4 the events for 50 Ͻ t Ͻ 100 ms and 0.36% of the events for 100 Ͻ t Ͻ 150 ms. These simulations confirmed that detection problems and 6 Hz, with similar results. Rates of 6-0.4 Hz would correspond to between two and twenty GABA A,fast cells mediating the spontaneous were limited to the initial 50 ms following the SL-M stimulus, and for this reason data during this period were not used in any way in IPSCs observed in pyramidal cells in our experiments, as action potential-dependent GABA A,fast sIPSCs occur at rates of ‫01ف‬ Hz quantitating SFI. Note, however, that none of the peristimulus time histograms were corrected for this detection error. (e.g., Figure 1B ). This number is similar to previous estimates that each pyramidal cell receives input from approximately ten GABA A,fast Evoked GABA A,slow IPSCs were well fit with the sum of rising and decaying exponentials. Although GABA A,fast IPSCs decayed biexpocells (Freund and Buzsaki, 1996) . Synapses were modeled as multiexponential conductance changes with parameters based on meanentially (Banks et al., 1998), for simplicity the decay was characterized using the weighted sum of these two exponential components surements at room temperature. Rising and falling time constants were 6.8 and 109 ms, respectively, for GABA A,slow synapses, and 112 ( decay,wt ). Spontaneous GABA A,fast IPSCs were selected for averaging based on two criteria: 10%-90% rise times of Ͻ2 ms (Banks et al., and 283 ms for GABA B synapses. GABA A,fast synapses had a rising time constant of 1 ms; the falling phase had two equally weighted 1998) and no other detected events within Ϯ100 ms of the peak. The Kolmogorov-Smirnoff test with significance level of 0.05 was components of decay, with time constants of 10 and 40 ms (Banks et al., 1998). Fifty simulations were run at each value of mean bias used to compare cumulative amplitude distributions. Other statistical comparisons were made using paired t tests. All data are precurrent and synaptic weight. We assumed that the spontaneous activities of the basket cells contacting a pyramidal cell are not sented as mean Ϯ SEM. correlated and that the cells are simultaneously inhibited by the SL-M stimulation. Under these assumptions, the results of simula
